








Economic¢ Spacing Of Roads
¥hen Skidding To A Landing With Tractors And Arches

On Slopes Ranging Up To 60%.

May 22, 1939. 4 William E. Scott.



Foreword.

It is recognized that natural conditions may vary widely on
two logging operations located within a few miles of each other.
To present a rigid plan for determining the economic spacing of
foads is therefore largely wasted effort. Wo practical use could
be made of such a plan.,

The first part of this thesis appears to be in direct
opposition to the above statement. The excuse for this is thet
it is necessary to demonstrate general ideas with specific
cases. On page 34, the theoretical road spacings are listed for
slopes renging up to 60 per cent. The times will be rare when it
will be possible to locate a transportation system which will meet
these theoretical conditions.

The second part of this work deals with the practical appli-
cation of the principles. An economic transportation system is
planned for a portion of a tract known as the Strawberry Logging
Unit located on the Stanislaus National Forest in Californis, and
here the ideas presented with such mathematical precision at first
ere molded to fit the actusl conditions on the ground.

This study requires cost date in a form which is not readily
obtainable at this time. <This has made it necessary to assume
certain facts, but as more accurate information becomes available,
such material can be applied to any specific problem without any

change in the fundemental principles involved.
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Part 1.

Theoretical Aspects of Planning An Economic Logging
Transportation System.



Summary.

1. The cost of skidding increases with distance, and the cost
of skidding up-hill is greater than the cost of skidding down-
hill. It follows thet for a given amount of monsy, logs can be
skidded a grester distance down-hill than up-hill.

2. Two things must be known to compute the cost of skidding.
These are slope and the average distsnce skidded.

3. The average skidding distance is determined by sub-dividing

the area served by a2 lending into component triangles.

v o

Landing Down-hill

S

Level

ey X —

4. here the slope is less than the maximum which a loaded
tractor can negotiate directly, the relative lengths of h and
¥ can be determired by means of a bresk even calaoulation.

Tan L =h
T

6+ Where the slope exceeds the maximum which a loaded tractor
can nogotiate directly,

Sin ol — Alloweble grade %
Actual grade %

6. With anglescol and o' known, H, h, and M ocen be
axpressed as percentages of the road spacing.

7. On slopes which are gradual enough to permit hauling directly
to the landing, the average skidding distance will closely
approximete the distance to the landing from the center of

gravity of the triangle involved. If greater accuracy is desired,



W
the exact average skidding distence equals .67 HBs, These values

- have been curved and can be read direotly for any slope (Figure 16)
in terms of 4. The average skidding distence is then expressed es
a percentage of the road spacing.

8. Where the slope is so steep as to necessitate a switchback
movement to reach the landing, the average skidding distance equals
two-thirds the langth of the hypotenuse of the triangle concerned.
9. Steep slopes will require a switchback movement up~hill to the
laﬁding, but the return trip can be made directly down the slope.
10. The average skidding distance for the cntire area serving a
landing 1s determined by prorating the skidding distences of the
component areas.

11, The basic cost of skidding per !BY per 100' of distance on
level ground can be adjusted for any slope by deducting 4% of the
available tractor drawbar pull for each 1% of adverse grade.

12. The average cost of all skidding is determined by weighting
the charges for up-hill and down~hill skidding.

13. The cost of a road per }MBY varies inverselg wi?h the area
(volume) tapped. iTider road spacing gives lowefﬁ;;;d construction
costs.

14. The cost of skidding per BM on a given slope varies directly
with the distance hauled. Wider road spacing causes higher skidding
costs.

156. The average cost of skidding equated against the cost of

road construction gives the economic spacing of roads.

(1) H= Economic skidding distance on level ground.
(14 bz)% . -~ -
BZ . h loge (b ,(1+1))%)

2 2b h - hf

B =




Skidding On Slopes

With Tractors And Arches.



Skidding On Slopes With Tractors and Arches.

Logeing transportation systems have always been dependent on topog-
raphy. In the days of the bull team, yarding was a downhill operation,
and loads were limited by the strength of the teams. Conversely, yarding
with donkey engines is an up hill process. An abundance of power is
available and even the largest logs can be skidded up the steepest slopes
with ease. High lead donkey yarding is not adapted to down-hill skidding -
because the logs overrun the tackle and there is no control over the load.

The most recent machine to be used for skidding logs is the tractor.
The early models were not nearly as powerful as are those of today, and
operators oonsidered them as mecheanized teams to be used for skidding
down-hill. Some up=hill skidding on unfevorable slopes was attempted,
but for the most part, skidding was confined to down-hill operations. This
practice has prevailed, and it is the purpose of this discussion to in-
vestigate the desirability of using tractors for up-hill skidding on élopes
renging as high as 60%.

Hbufly costs of opérating a tractor remain about the same regardless
of the amount of timber skidded per hour. Therefore, low skidding costs
are obtained by operating tractors with full loads.

With every 1% increase in adverse grade, 4% must be deducted from the
available drawbar pull of a bractor. This reduction in pulling power
represents the energy required to lift the tractor up the hill. On a 10%
adverse slope, a tractor can skid only 60% as much timber per turn as it
can on level ground. This is a serious reduction in the output of the
machine and represents the reeson why skidding is not practiced on adverse
slopes which are steeper than 10%.

When skidding on slopes of 0%-10% to & landing, hauling is done on
~ grades which range from a maximum piteh at right angles to the contours to
level hauls parallel to the contours. Skidding is dome directly to the
landing for both up~hill and down~hill hauls on these slopes.



On steeper slopes, direct skidding down~hill is practiced, but up-hill
skidding must be done at an angle to the contours so that the maximum

adverse slope traversed is 10%.

/5%

4
-Zéand/ng Down il

Figure 1. Skidding on 15% slope.

On slopes of 15%-25%, skidding is done directly down-hill té the
landing. 25% represents a safe meximum down which a tractor equipped
with an erch can bring a full load. It also represents the steepest
slope which an unloaded trector can climb.

Where slopes are 30% or greater, indirect skidding is required for
both up~hill and down-hill hauls. A D-8 Caterpillar tractor has a 78"
gauge and cen safely skid a load along a 607 side hill without danger of
capsizing. ¥here slopes exceed 60%, special skid roads will usually be
required. |



It will be convenient to divide slopes into the following three groupss

1. Slopes 0% - 10%. Direct skidding up-hill and down-hill.

2. Slopes 15% - 25%. Indirect skidding up-hill, direct skidding
down-hill.

3. Slopes 30% - 60%. Indirect skidding up=hill and down-hill.

<> 6010
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Figure 2. Skidding on 40% slope.



Skidding Up~hill And Downehill

With Tractors And Arches On Slopes

0% - 10%



Slopes 0% - 10%.

Skidding up~hill and downe<hill with tractors and arches on slopes
which do not exceed the maximum adverse grade the machine is capable

of negotiating.

The trector will be able to skid directly to the landing from
eny point in the area being served. The cost of skidding down-hill
will not vary materially from the cost of skidding on the level, end
these two costs will héra be considered to be equal. Vhen this is
the case, the economic skidding distance will be the seame for
skidding along the contour as it is for skidding down-hill, and
the ares served by down-hill skidding will be a rectangle which is
twice as wide as it is deep.

The cost of skidding up-hill is greater than the cost of
skidding on the level, It follows thet the economic distance for
up~hill skidding is less than the economic distance for skiéding oh
the level, Up=hill skidding will be done from a rectangle which is

more than twice as wide as it is deep.

T - - \‘\\\\ ¥ S= Road spacing.
/ 4 A N H=Distance skidded
/ N .
/ | \\ 4/ down-~hill.
/ \ h= Distance skidded
/ Zanding \ i1l
S oad ‘ ,—[ _]F up=at
or PR and ,
\ /
\ /
\\ | / A Down-hill
N 4 7
N -
1 =~ o X
e eH >

Figure 3. Economic skidding distance.
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The dotted line in Fig. 3 represents the economic skidding
distance, or the distance at which the cost of skidding Jjust equals
the cost of road construction. It will later be shown thet there is
e tolersnce in the economic skidding distance, and that it is
possible to bring in all the logs within the rectangle at only a
slightly increased skidding cost.

The relationship between the distance skidded down-hill and
the distance skidded up-hill can be determined by a break-even
caloulation.

H - Distance skidded down-hill.
h - Distance skidded up-hill.

HC=nhC!
C - Cost of skidding down-hill.

C*- Cost of skidding up-hill.

Exemple:
10% slope. Tractor is 60% efficient on up~hill skidding.
If C = 3.4¢/M/100° -
C'. 3.4 - 5.7¢/Mf100"
80
Let H = 10
HC =h C* or 10(3.4) = h(5.7) or h = 6.0
S = Road specing.
AS: H+h or S-10+ 6 or S

=16
H- 10 _ 62.5% S h- 6 _37.6%2 S
T~ ™

After the shape of the aree served by & landing has been
defined, the next step is to determine the average distance the
logs must be skidded to the landing in terms of the road spacing.

5.



The average skidding distance to a landing can be computed
accurately for any slope, but this requires a rather lengthy analysis
involving calculus. For practical application, such precision is
not necessary, and two 'approxime.te methods of determining the average
skidding distance are also presented. These methods are easy to
apply and are sufficiently accurate.

The area being served by a landing is divided into a number
of triangles (Pig. 4.), and for each of these, the average hauling
distance is calculeted. The average skidding distance for the whole
area is obtained by weighting the average hauls of the component
triangles.



To determine accurately the average external yarding distance:

/

A 6

e X

4 4 0 the point (Landing)

b .

5 AB the 1line.

| .
o A

Figure 4.

é X
Average haul - l dx (x°+ h®)®
[6 dx = b

b
1 2

. _ﬁEz(x%— h’ )3 +h log.(x + (x%+ ha)%ﬂo
b

4 2
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Average haul- k  h® log_ b+ k
Al B
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%
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h
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2
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__.2___4.?5 €H+ T )

Average external haul - x
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2
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—
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Average actuel skidding distancoe for any right triangle:

4

5 ‘ xb ) )
Average actusl haulzls-dx'x-B_ ), "® X dx-B
s . dx ) 4 xb . dx
" I =%
. A

x3 ] ™~
_'S'Bo _2 hB
- xé 1¢& "3

1

The average actual skidding distance for a rectangle:

2 2
Average actual haul - 3 B,+ % h.B,

2

Av. actual haul (.33 h,B, )+ (.33 h,B,)

Figure 5.



Down-hill Skidding.
Down~hill skidding done from two square areas. h=-h,=b,:=b,

Average skidding distance - % h B

B . 52 Ofe - .
= + £ Ei + ? _._.2__._ -+ .2. 056

B= o707+ «5(.8796)= 1,147
Average skidding distance to landing from e square= .67(1.147) h=,768 h

Down-hill skidding on all slopes of 25% or less is done from two
square areas. For all such areas, the average actual skidding

distance = .768 H where H is a side of the sguare.

With a 10% slope:
Average down-~hill haul = 46256 S x ,768 = .48 S

Up~hill skidding on 0% - 10% slopes is done directly to the landing,
and the average skidding distance can be obtained by application of

the same formula that was used for down~hill skidding.

Up~hill Skiddinge
Average skidding distance = (.33 h,B, ) +(«33 h,B,)

with a 10% slope:
h, =375 S= b,

b,- 626 §-h,
X

(1+ .625°)2 : A

B, - 3752 «375 1ogc((.625)+(1+.625 )2

2 + 3(.625) 575 375¢

9.



S
BI': [!11’ 2:78)% + «30 10&(1.67"‘ 3.782)]; 1.94 +050 10&(1.67‘}‘ 1.94)

B,= «97+ «30(142837) = .97+ .39 = 1,36

L
(1+ +36)% ) 1
B, . 62° . .6256  loge(s375, (1+ #375 )%)
B 2 2(+315) 625 6257

[ ] L 4

S
BZ: [gl"" 036)2 + «83 loge(.60+ 1.36%)} = 58+ 483 10&(1.77)

BZ. = 458+ .83(05710) = oOB+ 47 = 1.06

Average sctuel skidding distance = (¢33)(e375 S)(1e36)+ («33)(+625 S)(1.06)
Average up=hill heul on 10% slope= .17 S+ 422 S = «39 S

An approximate average skidding distance can be obtained without the
use of calculus.

If skidding was limited to the economic yarding distance,
down-hill skidding would be done from sectors of a circle, and
up=hill skidding would be done from areas approaching the shape‘
of sectors of a circle. The area of a circle varies with the square
of the radius. The average skidding distance =V.5 or .707 x redius.
For up-hill hauls, the av. skidding distance .707 x av. external haul.

A

e
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Down~hill Skidding:
Down-hill skidding will be done from two squares. Average skidding

distance has been determined to be 768 H for any squeare.

With a 10% slope:
H= .625 S Average haul = ,768(.625 S) = 4480 S ~

Up-hill Skidding:

Up-hill skidding must be divided into two sections of equal areaj;

A. B.
Maximum haul- x Maximum haul .—.(x
Minimum haul” H Minimum haul= h
Av. haul = .707(x+H) Ave haul L707(x+h)
- -

With a 10% slopes
Tan‘: h: ‘375 S = 0»600
b: )

.
L = 30" 58
Cos L= 08574‘7 ) X = 0625 S

*

H= .6256 S h=,376 8
X = 4729 S xX=,.,729 S -
Corresponding
Average skidding distance up-hill (Approximate) accurate figures.

«TOT7 (o625 S+ 4729 S) — «707 x o677 S x .50= 4239 S «22 8

z

2 .

Aversge haul up-~hill=-.43 S «39 S

This epproximate method gives too large a fipgure for the average
skidding distance. This will raise the cost of skidding, and the

result will be a somewhat closer spacing of roads than the true figure



will give. It is more costly to space roads too closely together
than too far apart as is demonstrated in Figure 9, and consequently
it is desirable to consider another approximate method of determin-
ing the average skidding distance which does not have this dis-
edvantage.

The average skidding distance will closely approximate the
distence to the landing from the center of gravity of any triangle
being served. This is proven graphically in Figure /¢ where the
dotted line gives values which agree closely with the exact wvalues
of the solid line. The dotted line gives the distance to the land-
ing from the centers of gravity 6f the triangles which are served
on different slopes. (For further proof, see Appendix A).

The center of gravitonf a right triengle is located at the
point of intersection of lines which are perpendicular to the sides
of a triangle at a distanc; fron the right angle equal to one third
of the lengths of the sides. The average skidding distances will
be equal to the lengths of the heavy lines in Figure 7. '

L pee |
%h |
L A T
T c6 h
cef ___| B ‘L
1
e—— A ——

12.



Up~hill skidding must be divided into two sections of equal erea. (Fig. 7.

A

' B
A —
Average haul = {/ (.67 H)a+ («33 h)z Average haul = \/(.67 n)+ (.33 H)z

e

With a 10% slopes
H= .626 S
h = -375 S

A. Average haul= \ (.67 x 626 S)°+ (.33 x .375 §)°

= V(.42 8)% (12 8) = )fass%.018% -9 5"

Average haul = .44 S

B. Average haul = {(o67 X +375 S)2+ (t33 X o625 S)a

= \/(.25 S)e-i—(.Zl S)Z‘_’. \/—.706 Sa'f'304 32- = V.lO Sa

Average haul = .32 S
Average up-hill skidding distence= .5(.44 S+.32 S8) = .38 S

This chacks well with the accurate average up-hill skid;iing
distance for a 10% slope of .39 S. ~

After the average down-hill and up~hill skidding distances
have been computed, it is possible to determine the average skidding
distence to a landing for the aree as a whole.

With a 10% slope:
Let A = average skidding distance.
A = .48 8(0625) + +39 S(a375) = «30 S+ 1D S = 45 S

The cost of skidding.

Each operator must determine what his skidding costs are per
MBM per 100! of distance. This information can be made to fit any
particular show by determining the average slope on which up~hill
skidding will be done, and converting these costs to fit the con-

ditions.

13,



With a 10% slope:

Meximum slope = 10% Deduct 4% dreswbar pull from tractor
Minimum slope = 0% for every 1% of edverse slope.

- -Average slope = 5%
Let -
Cost of skidding on level = Cl

3.4¢/M/1001
4.3¢/M/100"

Cost of skidding on 5% slope =Cu= 3.4
:)

-

Where Cd= cost of skidding down~hill.
Cu=cost of skidding up=hill.
P= percent of timber skidded up-hill.
1-P = perocent of timber skidded down-hill,

Average cost of skidding up-hill and down=hill =C = Cu(P)+ Cd(1-P)

With a 10% slope:

Cd = 3.4¢ G = 4.3(.375)+ 3.4(.625)
Cuz=4,3¢ €= 1.61+ 2,12
P= .375% of area served. C = 3.73¢

1-P = .625% of area served.

T T
‘ /-~
H
1

_VE Load — or L.
A L=}
A

y~
T 1

= eH >

Figure 8.

14.
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Cost of road varies with 2Hr where r= cost of road per 100' station.

Area served by landing = 2HS or Area - 2HS aores.
.56

Volume per scre = V

Cost of road per MBM = ——20X _ - 4.356 r

As timber is skidded greamter distances, roads must be spaced
farther apart. This means that as the cost of skidding rises due
to inoreased hauling distance, the cost of road construction falls.

Figure 9 demonstrates that the most economic spacing of roads
is obtained when the cost of skidding just equals the cost of road
construction, The reason for this is that as road épacing is
increased from a very narrow figure? road costs fall faster than
skidding costs increase. Conversely, a similar increase in an
already wide spacing of roads will reduce the cost of road con-
struction only slightly whereas the cost of skidding will mount at
a oonstant rate. Whore these two wvalues cross, the tangent-of the
road cost curve is equal and opposite in slope to the skidding gost
value,

Example:

What is the most economical road spacing to use when

Slope = 10% A=,45 8
r= 81560 V=30 M
C=3.7¢ S=1?
Roed Spacing Cost of Skidding Cost of Roads Total Cost
per
AxC 4,356 r MBM
-V -

500! - $ .08 : $4.35 $4.43
1000 .17 2,18 2,35
1500 «25 1.45 1.70
2500 42 87 1.29
3500 .58 .62 , 1.20 ~
4500 75 .48 1,28
5600 .92 040 1.32

6500 1.08 4 1.42
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Figure 9 shows that roads can be spaced 3000'- 4500' apart
without much variation in totel road and skidding costs.

The very gradual inorease in total cost when timber is skidded
beyond the economic skidding distance shows why it is desirable to
skid timber to a lending from a rectangular area even though part N
of the aree lies beyond the economic skidding distance (Figure 3).

If hauling is to be restrioted to the economic skidding distance,

one of two cholces must be made. Either the road spacing cen be
kept constant and the islands of timber beyond' the economic reach of
the tractors left standing, or the road spacing can be reduced so
that all the aree can be covered without exceeding the sconomic
skidding distance. Either of these plans is considerably more costly
then is the case where tractors are operated to their full econonic
skidding distance both on the level hauls and on the hauls directly
up and down the slopes involved.

It has been shown that the eoonémic spacing of roads is
obtained when the cost of skidding equals the cost of road con-

struction.

A = Average skidding distence.

C = Average skidding cost/M/100'

Cost of road construction per M - 4,356 r
Vs

AC - 4,356 r or AS= 4,356 r
T T
With a 10% slopes
=
V= 30 M
r = $150 or 15,000¢ .45 8% 4,356 r
T
C = So?ﬂ

For. a 10% slope, S =)/ 9.68 r -~

S=,/ 9.68 x 15,000 - \) 1310 or S = 36.2 hundred ft.
30 x 3.7 :




18.

Economic road spacing = 3,620 feet,

Skid down-hill 3,620 x .625= 2,260 feet.

Skid up~hill 3,620 x .,376=1,360 feet.

Space landings 2 x 2,260 = 4,520 feet apart.

Cost of skidding = (.45 x 36.2) x 3.7 = 60¢ per M T
Cost of roads = 44,3566 x 15,000 - 60¢ per H
35 x 3602

Total = 120¢ per M

This checks with the graphical solution in Figure 9.

_ This can be compared with the cost of skidding down~hill only.
When all the timber is skidded down~hill, the cost of skidding is
reduced, but the area served by s landing is also decreased.

D. M. Matthews has shown that for one way skidding

S= /5.11 r . Fn x 15 000 -\J752 = 27.5 hundred feet.

Cost of skidding. .7o7c(s+dz S%) . .707 x 5,4(2%.542 x 27.5°) . T9¢/M
> = =

Cost of roads =  4.356 r  _ 4,356 x 15,000 - o _T9g/u
ahg x *
' Total = 158¢/M

A savings in skidding and road costs of 24% can be realized on
a 10% slope by skidding to a landing from both down=-hill and up-hill

directions.



Skidding Up=-hill and Down-hill

With Tractors And Arches On Slopes

16% - 28%



Skidding On Slopes 15% - 25%

Skidding up~hill and down-hill with trectors and arches on slopes
which exceed the maximum adverse grade the machine is ocapable of
negotiating directly.

Tractors with arches can skild directly downhill on 257 slopes.
On slopes of 15% - 25%, up=-hill hauling must be done at en angle to
the contours, so that skidding will be confined to slopes of 10%

or less.

Demonstrating with a 25% slope;

Direct skidding used on
all down-hill hauls.
Direct skidding used for

up-hill skiddiﬁg abové

s
diagonal k. -
Indirect skidding used
) for up-hill skiddiné

below diagonal k.
Figure 10.

With a 25% slope;
Allowable grade = 10%. Yust travel 250' to rise 25',
Actual grade = 25%. Hust travel 100*' to rise 25'.

Sin o - allowable grade %
actual grade % .

Sineo = 10 = 4000 oL = 25° 35!
'55' .

d = angle to contours at which up-hill skidding must be done for
area below diagonal k.

19.



Down=hill skidding will be done from a rectangular area which
is twice as wide as it is deep, and withe( kmown, it is possible to
ascertain the shape of an area being sewed by a landing. With
this information, the percentages of timber skidded up-hill and

down~hill can be determined.

T T
A,
esy y
“ !
Ae
S
v s?«fo
g — R
A a, 23 35

Figure 11. Skidding on 25% slope.

With a 26% slope:

Let H=10
h=tan 23° 35' x 10= .4365 x 10 = 4.3654
Area A = 10 x 10 = 100.0 100 - 70% of timber
Area & = 10 x 4.3654 = 43.7 = 30% of timber
S - H+h H=,70 S
z .30 S

Down~hill skidding. |
On slopes of 15% - 25%, down-hill skidding will be done

directly to the landing from a rectangular area composed of two

squates. It has been éhown that the average skidding distance

from & square = 768 H.
On 26% slope, H=.70 S ' Av. down-hill haul= .768(.70 S)= .54 S
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Up-hill Skidding:

For tho half of the up=-hill skidding where the slope is 107

or less, the average skidding distance -'-[/(.67 82)%+ (.53 h)°

With a 25% slope:

H=,70 S Average haul =|/(.67 x 70 S)+(.35 x .30 §)°
h=.30 5 . = (.47 s)Y’+ (.10 s)° ~

Average haul = .48 S

For the half of the up-hill skidding where the slope exceeds 10%,
the averapc skidding distance can be determined as follows;

1\\
&
L
BN
e—— & ——

Figure 12.

~ The heuling distance to the landing from eny point on
p dx=y. This may be observed in fig. 12. The hauling distance
from any point on p dx to the diagonesl k makes an isosceles triangle
with the diagonal.

or P

y:\,pefxe

e 1=

a - X
): S
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, f p:dx -y
Average skidding distance.

[ oo

a L 1
Hx-(1 x*+x°)7 ax ‘B x?(i%1)8F ax
, & az A at

/‘“gx-dx , f“g_x.dx
> 8 o &

1 a
H x’ (_1131)2] H oa® (1%31)% - o
a 3 a: _ a 5 a2
B X L a’- 0
a 2], a 2
2 o (B2, 1)% ra)E 2 2.1
T =T = 2e(Hta)s  _ 2 (5}e’)z
3 a 3 a? 3

Average skidding distance = % times the length of the diagonal k.

(Geometric solution Appendix A).
With a 25% slope:

H= .70 S - -
Average haul = 2 \/f(.?o S)a + (.30 S)z
h= .3 8 K

Average haul = % .49 s3.,09 s* = .51 8

t’hile it is necessary for loaded tractors to skid uphill indirectly
where slopes exceed 10%, the unloaded tractors can return to the

woods by the most direct route.

Average distance :V(z h)a +(1 !I)‘2
3 3T

"With a 25% slope:

H =.70S Average distance =|/(o67 x 450 S) +(u38 x 470 )

h=.308 | =\ (.20 s+ (.28 8)° = .30 S

Average skidding distance up-hill g 54 305 _ .4 s

where the slope exceeds 10% B 2
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Both halves of up-hill skidding have equal weights.

Average hauling distence for all up-hill skidding. .48 S + .41 S
2

Average up-hill skidding distance = .44 S on & 257 slope.
A = Average skidding distance for up and down-hill skidding.
With a 25% slope: | |
A = 54 S(o70) + 444 S(o30) = 38 S+.415 S A =,.,51S

Cost of skidding.
Down~hill skidding costs are here considered to equal costs
of skidding on the level.

e 2H >
T T
/-~
Ved
5
Ve
A A
/4
i 1
Figure 13.

Skidding iz area I varies from 0% - 10% and averages 5%.

All skidding in area II is done on a 10% slope.

When the cost of skidding on the level is 3.4¢/4/100',
10% adverse slope  3.4¢/«60 = 5.67¢ x .50 = 2.84¢

4.25¢ x .50 = 2.12¢
4.96¢

5% adverse slope  3.4¢/.80

f

Average cost of up~hill skidding = 5.0¢/4/100" )
Cost of down-hill skidding = 3.4¢/%/100"



Where Cd= Cost of skidding downhill.
Cu= Cost of skidding up-hill.
P = Percent of timber skidded up-hill.
l- P= Percent of timber skidded down~hill.

Average cost of all skidding = Cu (¥) + Cd (1-P)

With a 25% slope:

Cd = 3.4¢
Average cost of all skidding = 5.0(¢30)+ 3.4(.70)
Cu = 5.0¢
Average skidding cost = 3.9¢/4/1001.
P= 30%
1-P = 70%
Cost of road = 2Hr when r = cost of road per 100' station.
Area served by landing . 2HS aores.
4.356
V = volume per acre.
2 Hr 4,356 r
Cost of road per MBM = e——ememem = s
. P v 2 HS V'S
;tssg -

A = Average skidding distance
C = Average skidding cost per MBH per 100°'.

For economic spacing of rosds, road costs should equal skidding costs.

Ac_._'4.356r or. AS - 4.356 r
~vs ~vCe

With & 26% slope:

A=z=.51S .51 8°_4.356r S- '/ B8.54 r
=5t v
V=304
s-1/8.5¢ x 15,000 S=11095
r = $150 or 15000¢ 30 X 3.0
C = 3.9¢ S = 33 hundred feet.

Space reads = 3300 feet apart. ' _ )
Space landings 2(.70 x 33)z= 4600 feet apart.
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Economic Spacing of Roads gives the following costs;

with a 25% slope:

r =15,000¢
V=30 M Skidding cost =AC = («51 x 33)3.9 = 664/
C = 3.9¢ Roed cost =z 2Hr 4.356 _ 4.356 x 15,000 . 66¢/M
Vveas 30 x 33
B - '70 S
Total = 132¢/u
Az .51 8

S = 33 hundred ft. |

This can be compared to corresponding costs involved when all of
the timber is skidded downehill to the landing. The lower skidding
costs are more than offset by the smaller area served by a landing.

r = 15,000¢

v: m M S: 5.11 r Proven by D. ?J. M&tthews.
~vcec

C: 304¢

Sz \/5.11 x 15 ooo =752 = 27.5 hundred feet.

Cost of skidding. «707 C(s+J252 ) _ .707 x 3.4%27.5+\l 2 x 27,5 T9¢/M
3

Cost of roads - 4.356 r - 4.356 x 15,000 = 794/
Total = 158¢/M

By skidding both up and down-hill to a lending, a saving of
'16% can be remlized on skidding and road costs on a 25% slope.
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Skidding Up~hill and Down=hill

With Tractors And Arches On Slopes

30% - 60%



Slopes

3070 - 60%.

Skidding up-hill and down-hill with tractors snd arches on slopes

which exceed the maximum grade a loaded tractor can descend directly

and up which an unloaded tractor must climb at an angle.

Tractors equipped with arches can skid a full load directly

down a maximun slope of 25%.

This elso represents the maximun

slope an unloasded tractor can e¢limb directly. It is necessary to

employ indirect skidding for both down-hill end up-hill hauls where

slopes exceed 25%.

T T
A 28” A,
4_
<, TS
\<3ﬂi\é2324£i:\\\$§ /42 4
S
5 o
0% 7
2 L
+han /0 Lo
W
KZ L7
1
» M A
Skidding on 60% slope.
Figure 14.
Sin« - 10 = .167 L = 9° 36
G0
£ = 24° 3or

Sina'z 26 - 417
[0
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With a 60% slopes

Let ¥=10,00
Area A=A, TA,= I Area a=2a,+ 8,z hi
Tene{ - H or H=Tan« x Y Ten « = h
" ¥
H=.4589 x 10.00= 4.59 = ,1691 x 10.,00=1,69
Area A =45.9 Area a = 16.9
Area. A - 45;9
Totel = 62.8
A = Down-hill skidding - 45,9 - 73%
B2.8 S=H+h
a = Up-hill skidding = 27%
Tand = h or M= h H=,75 S
¥ . Tan &
h= 027 S
M= 4278 - 1.60 S

.Iag A M=l.60 S

Down-hill skidding:

Tractors must climb and descent as indicated in F;.g. 14;
A, Indirect skidding.  Average haul= .67 V H*+u?
A, Direct skidding. Average haul = V_(TSSH)e-)-(.S’? {5?

Average down-hill skidding distance = 5(4,+-A,)

Up~hill skidding:
All hauls to the landing will be done &s indicated in
Fig. 14, However, return trips to the woods can be made direoctly
to any point as an unloaded tractor can safely descenf steep slopes.
Indirect skidding to landing, Av. haul = .67\ his 1>

Direct skidding to woods. Av. haul= |f(.67h)*+ (.33 1u)°

e, Indirect skidding. Av. Haulz .67V hir Y ° %\’(.67 n) 4 (.53 ¥)°

a, Direct skidding. Av. Hzm1=\/(.33 h)z-f (.67 M)z
Average up-hill skidding distance #{a,t a,)

217.
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With a 607 slope:
Down-hill skidding.

aAverage haul - .67 V/ (.75 5)2# (1.60 S)+V(.33 x .73 5)° (.67 x 1.60 §)°
Z

Average haul: .67/ 3,09 5% + V.06 5%+1.14 S*_ 1.18 S #1.10 S
Z 2

Average down-hill skidding distance=z 1.14 S

Up-hill skidding.
Average haul- .6(.6? Vhis u's /(7.67 h)z+(.33 ¥ )2)-%\/(.35 h)’ ¢ (.67 M)a
2

25(.67 V(.27 5)% (1,60 SFrl.67 x 427 S)P+(u33 x 1.60 §)°
2

(33 x .27 8)°+ (.67 x 1.60 S)*
+
z

_ o5(o67V2.63 5% + V.05 S%+ .28 % )+ V.01 S°%-1.14 52
= = >

_ 5(1.09 S+.56 S)+1.07 S _ +825+1.075 - .95S
- , 2 - 2 -

Average up-hill skidding distance = .95 S

A = Average skidding distance up-hill and down~hill.
A=1.09 S on a 60 % slopse.

Cost of skidding:
It has previousiy been determined that when the cost of skidding
on the level is 3.4¢/4/100°,
Average cost of up~hill skidding = 5.0¢/%/100"
Cost of down-hill skidding = 3.4¢/M/100"
Average cost of sll skidding = Cu(F) + Cd(1-F)
60% slope Pz .27
l-P= .73 Average cost of skidding = 5;0(.27)4— 3e4(.73)
Cu= 5.0¢ Average skidding cost 3.8¢/4/100'.

Cd = 3.4¢ -



Economic Specing of Roads.

For economic spacing of roads, road costs should equel

skidding costs.

Cost of road=2 ir where r cost of road per 100' station.
Ares served by landing = 2 MS acres.
37556

-

Cost of road per HBM= 2 Mr
v 2 M8
4.356

= 4,356 r
L

Skidding costs = AC

AC = 4,356 r or AS = 4.356 r
VS vC

With a 60% slopes

A=1.09 S S = ‘/4.356 r s_.]/4.oo r
Ve

1.09 VC
V=30 M
S=,/ 4.00 x 15,000 s =627
r=15,000¢ 30 X 3.8
C=3.8¢ S = 23 hundred feet.

Space roads 23 hundred feet apart.

Space landings 2 x 1.60 x 23= 74 hundred feet apart.

Skidding costs = AC = (1,09 x 23)3.8 = 957/

Costs of roads- 4.356 r . 4.356 x 15,000 = 95¢/4
7S X

The formula S-|/ 6.1l r is true for direct skidding only. On
\’ =

slopes of 30%~60%, indirect skidding is necessary and therefore no

comparisons can be mede of relative costs.
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Special Case

30% Slope.

The solution used to find the economic road spacing on a 60%

slope is appliceble to all slopes of 35% = 60%.

To determine the

econouic skidding distance on a 30% slope, one further calculation

is required.

A 30% slope represents a special case, becausc on this grade,

«' 1g greater than 45°,

= Y < b - Sin« =
T ,
A L =
@,: 1 =
A /2 =
As 0('::
L3 =
\
'y
a,
jl a, Figure

Skidding on & 30% slope.

25 = .834
’w .

56° 25°
53° 35
11° 25!
45° 00!

15.

When ol 1s groater than 45°, 1 does not divide the down<hill

skidding area into component triengles.
adding the diagonsl k!

This must be done by

and computing the average skidding

distance for each of the triangles and giving them their proper

wolghts.

Sin o= 10 - 333
- )

o = 19° 27!
Ten ol = o353

S=h+H
h. 3,581 268
T3.531

.

H = 0748

Y4

8 = 26% of timber.

Az 74% of timber.

Let H= 10,00 Aree. a =10 x 3,531 = 35.31
h = 3,53 Area A =10 x 10 = 100,00

Atea = 135.31
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Down~hill skiddings
Area A= A +A,+A,=100
Angle 1 (Figure 15.)= 33" 36!

A, Sin 33° 35' - b Let H=10
F N
b= .558 x 10=5.581 (10 x 5.531) = Area A, = 27,7 TS
A, Area A,:10x10 _ 50 Area A, = 50,0
ﬁ”
A, Area A;=100 = 77.7 Ares A = 22,3
A, Average haul =,67 V H+b® H=.74 S b= .55 H=,41 §

Average haulz= .67 V(.78 S)%+ (441 5)* =467 V.72 S° = .57 §
A, o768 H = .768 (.74 S) = 57 Sz Averege haul
A, Maximun haul=1.,41 H=1,41 (.74 §) = 1,04 S

Minimum haul = 1 =

Cos 33° 35'z H 1: 1,20 H
T
8851 = 10 1= 1,20 x 74 S =89 S= Min. heul,

Average haul- +707(+89 S +1.04 S) - +707(1.93 S) -.68 5
2 2

 Average down-hill haul 575(28) + +57S(.50)#.685(.22) = ,60S
Up-hill skiddings

Average actual skidding distance #(a,ra,)

a,- 6TVHEh® + /(.67 h)+ (.33 H)®
5

a,= V(.67 H)*+ (o33 h)*
Average haul — .5(.67 /i.?‘le-}-(.ZGS)l-f—/(.S? x +268) +(.35 x..745)" )
)

+ V(.67 x o7a5)+ (35 x L265)"
2

Average up-hill skidding distance <= .47 S

Average skidding distance for whole area A.
A = 426(e478) + «T4(+608) or A = .56 8



Cost of road per MBM - 4,356 r
“W‘—

Cost of skidding = AC

Economic spacing of roads on 30% slope:

AC - 4,356 r or AS _ 4,356 r
—W T
A=.56 8 56 S% 4,456 r
‘T—

S= \/ 4,356 r S=,/7.78 r
=55 VT v

.
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Sumnery Of Data For Specific Slopes.






TABLE TI.

Date for Bconomic Spacing of Roads on Specific Slopes.

34,

Economic

Av. Av. Av. Timber

£ 4 F o« @ h " ¥ Haul Heul Skid- skidded road
‘Slope Up- Down- ding, Down=- spacing.

o ) ] 1 ] ] -] { hill- hill- m&t. hilln . -

o 1 L4 1 o 1 o / L) 6
0 45°00'45°00 45°00' 45°00' 4508 o508 = - - 385 = \/—Qvé-—-i
10.62 r
5 38 40 51 20 45 00 45 00 .445 .565 -  ,388 .435 .415 s6% V —ym—
| 9.68 T

10 30 58 53 02 45 00 45 00 .385 4625 =~  .39S .485 .455 62%

: 10,682 r
16 41 50 48 10 45 00 45 00 47S 538 =~  «40S o418 .41S 537 e r
9.47 T
20 30 00 60 00 45 00 45 00 .37S 635 = o435 .48S .465 637 ~—
’ : 8.54 r

25 23 35 66 25 45 00 45 00 308 708 = 445 ,548 o518 70% :
7.78 »

30 10 27 70 33 56 25 33 35 265 J748 = 4TS .60S .565 74%
36 16 37 73 23 45 58 44 22 285 7TS JTTS 475 .668 .625 77% l/ -1.5%5'1-‘-'-
| | 6.22
40 14 20 7B 31 38 41 51 19 .24S .76S 948 J57S 755 J70S 76% =
5058 r
46 12 60 77 10 33 47 56 18 o255 o755 1.11S o675 o858 oB1S 764 —r—
’ 4.84: r
50 11 32 78 28 30 00 60 00 268 745 1.285 778 .955 ,90S 74% e
4040, r
55 10 29 79 31 27 04 62 56 .27 7535 1.435 .858 1,048 .998 7% |/ —w—
4000 r
60 O 36 80 24 24 39 65 21 278 73S 1.60S .955 1.148 1,098 73% ~
See next page.



In many cases, the spacing figure obtained for a given set
of costs will not change much with different slopes.v However,
the percentage of timber skidded down-hill will very greatly, and
the spacing formula, aiong with the information given in Table I, .
. 1s needed in determining the best location of a spur within a T
skidding eresa. |



Part 1I.

Practical Aspects of Plamming An Economic Logging
Trensportation System.



Practical Aspects of Planning

An Economic Logging Transportation Syatem.

In planning e transportation system for a logging operation,
e compromise must be made between what is theoretically desirable
and whet cen actually be accomplished. Limitstions in equipment
and variations in topography are apt to require meany nodifications
of the material presented in rart I, but the underlying principles
need not be abandoned.

Fléxibility and low construction costs are both of great
velue in planning en economic traﬁsportation system. A railroad,
with its relatively flat grade must be fitted closely to the
topography in mountainous country, and the opportunity for
locating the grade in the most desirable place is greatly reduced.

The high construction costs call for long skidding distances
and wide spacings of landings for which the topography, if -
irregular, may not be suited. These difficulties are considerably
lessened with truck transportation because of the feasibility Af
steeper grades and the lower costs of road construction.

In so far as topograrhy will permit, the road system will
follow the plan shown in Figure 17.

Down-hill_ 7o
A7

Y

Figure 17. Schematic Plan of Road System.
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For purposes of demonstration, a road system is plamned for
a section of mountainous topography. Wwhile certain advantages
could be realized by using a larger sample, an arsa of this size
is large enough to demonstrate the technique of laying out a
transportation system. Every logging operation will present
individusl problems, and these must be met‘aa they arise.

The demonstration area being used is Section 28, Township
4 H., Range 18 E,, Hount Diablo Meridian. A topographic map
along with pertinent data are presented on page 44. It is
suggested that this map be left unfolded for reference to the
meterial presented in the following pages.

Skidding is to be done by tractors and arches.to landingse.
Logs are to be transported by truck to the mill which is located‘
several miles west of Section 28.

Location of Main Vioods Road.

The Tuolumne River divides the section into two portions. -
No roads will be proposed for the arsea north of the river as this
tract is an integral part of a separate transportation system.

The remainder of the section has a nortlwest aspect and it
is apparent that the main woods roasd should follow the cresk
canyon which runs diagonally across the section. The maximum
allowable favorable slope of 15% is to be avoided as much as
possible, The proposed road location lies on a slope of 10%.
This is entirely satisfectory and the main woods road is plotted,
as proposed, on the transparent sheet on page 43 which can now be
superimposed on the map.

370



38.

It is obvious that the main woods rosd should enter the
gection at a distance from the river which can be determined by
use of the proper spacing formula.

The slope for some distance south of the river averages 25%.

From Table I, S = | 8.54 r 70% of timber skidded down-hill. ™~
\‘__vc__

When the cost of skidding on level ground is 3.5¢/M/100°,
Up~hill skidding.
10% adverse grade 3.5¢/.60 = 5.83¢ x .50 = 2.92¢/1/100°"
5% adverse grade 3.5¢/+80 = 4.37¢ x .50= 2.18¢
5.10¢/4/1001.
3.5 ¢/M/100°.

Average cost of up-hill skidding

Down-hill skidding. Average cost of skidding

¢ = cu(P)+ Ca(1-F) of  C = 5.1(e20)+ 3.5(o70) = «153+ +245

C = 4,0¢/1/100" 'S = | .45 x 4500 -1\ 238 = 15,5 hundred ft.
m X ICU

r = 4500¢

V = 40 #BM S= 23 chains.

The rdad shouid,be located ebove the river a distance of
«30 x 23 = 7 chains.

In Figure 18«A, the main woods road enters the section at a
point 7 chains south of the river.

After the main woods road is plotted, the next step is to
locate the spurs and landings. Landings should be located to
take edvantage of any favorable topographic features lying within
reasonable distance of the site indicated by the spacing formula.



Location of Spurs and Landings.

Spur S-l.
Measuring parallel to and back from the river a distance of
23 chains, the average slope is fouuil to'range from 25% near the
main woods road to 10% near the north boundary of the section.
The previous computations for a 25% slope indicate that the
spur should start about 7 chalns from the river. As the slope
becomes more graduel, the distence from the river and the north
boundary of the section should increase.
10% Slopes S = g;gg_g 62% of timber skidded down-hill.

C = 4.4¢(.38)+ 3.5¢4(+62) = 1.67+2.17 or C= 3.8¢/M/100'.
5. [:68 x 4500 -J286 =1700' or 26 chains.
X

\

With this information, the spur and the boundary of the area
which it serves can be plotted (Figure 18-A).

The landings for S-1 are the next consideration. The
theoreticel distance between landings is obteined from the road.
spacing formulae.

The 25% slope calls for a road specing of 23 chains of .
which 16 cheins are skidded along the contour. The indicated
distance between landings is 2 x 16 = 32 chains. Farther out on
the spur, the 10% slope also calls for a distance between landings
of 32 chains. |

Fo skidding is permitted escross the main woods road and a
landing is necessary at the junction of this road end S-1. The
loading rig can handle logs from both sides of the road.

The next landing is to be located some 28 chains out along
the spur. This point is a suitable location for a landing. The
boundary between the areas served by the two landings is shown in
Figure 18-A.



Spur S-2.

The aversge slope for S-2 is 26%. Previous calculetions show
thet for this slope, the spur should be 7 chains above the lower
boundary of an area 23 chains wide.

The indicated distance between landings is again 32 chains.
The area being served by S-2 is more than large enough for one
landing, but it is not large enough for two. A study of the
topography shows a suiteble landing site to be in the ravine where
the slope is only 5%. The intermittent stream would not be
‘ running during the logging season. Only ons landing need be
established for this area. '

Spur 3-3 .

The average slope for S«3 varies from less than 15% near
the main woods road to 30% on a point some 30 chains oute. Beyond
this point, it again flattens out to less than 15%.

16% Slope: S - ‘} 10.62 r 5%% of timber skidded down-hill.

C= 5.1f(ad7)+ 3.5£(.53) = 2.40+ 1.85 = 4.3¢/8/100°".

S - J’w.ez x 4500 =J278 = 1670'= 25 chains.
m X I.s

«47 x 26 = 12 chains.

The spur should be 12 cheins above its lower boundery. The
area served by the spur should be 25 chains wide. ‘

Landings should be spaced 2 x 13 = 26 chains apart. The
area is large enough to justify two landings.

Spur S-4,

The average slope is 36%. S:‘{ 7.03 r
. Ve

77T% of timber skidded down-hill.
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C = 541(s23) +3.5(77) = 1417 +2.70 = 3.9¢

S= \/'7.03 x 4600 - \[202 = 1420' = 22 chains.
X3

The spur should be located +23 x 22 = 5 chains above the
lower boundary of the area served. It is not feasible to give the
area a constant width of 22 chains due to the irregularlity of
the topography. This boundary is represented by a light dotted
line for reasons which will later be explained.

The quantity M for a 35% slope is .77 s (Teble I). The
indicated distance between landings is 2 x .77 x 22 = 34 chains.
The area is large enough for the establishment of two landings.

Spur S-5.

The aree served by S-5 1is a small plateau~like projection.
'An inspection of the topography 1ﬁdioates the most logical location
of a landing to be somewhere on top of this plateau. The percentage
of slope varies widely and it is difficult to determine an
average figure. By comperison with the other areas in the secéion,
it is evident that one landing is adequate, The site of this
landing is erbitrarily selected.

Spur §8-5 services all the remaining area north of the creek.

Spur S-6,.

The area above S-4 could be sserved by another spur, but
this area is quite small and the question arises as to whether it
is cheaper to skid all the timber above S-4 down to a landing
on that road, or whether it is cheaper to construct another spur
to handle the timber on this area. A decision can be reached by

comparing the costs involved under the two plans.
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Plan I. Skid all of the timber in the upper area to S-4,

The'area beyond the economic skidding distance covers 45 acres.
Volume on the area = 45 x 40 M = 1800 M. This must all be skidded
an average distance of 18 chains or 1200' which would be avoided
by construoting another spur.

The edded cost of skidding = 3.5¢ x 1200' x 1800M = §760.
Plan II. Constrict a spur to service the upper area.

In order to reach the upper area with a spur, an additional
26 chaing or 1660' of road must be built @ $45 per 100'=§735.

The cost of an extra landing would also have to be included,
This would more thean even up the costs under the two plans, In
addition, there is no really suitable location for a landing in the
upper area. The slope is rather steep and a landing would be
both expensive and inéonvenient. Therefore, all the timber will
be skidded to the landing on S-4,
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Appendix A.
Graphical Demonstrations of Average Skidding Distances.

Proof that the average skidding distance of a triangular area

closely approximates the distence to the landing from the center

of gravity of the triangle.

1.
2.

3e

8.

-

D
0 ol =%
Landirn
[ anaing
/]

B o A

Figure a.

Draw AD to the mid point of BC.

Draw BE to mid point of AC.

Point of intersection G 1is the center of gravity of tﬁe
triangle.

Area ACD = Area ABD.

Area ABE = Area BCE.

Average skidding distance lies on arc passing through G.
Area 1 +tends to equalize Area 2. The discrepancy is a
small part of the total area.

Therefore the average skidding distance lies practically

along arc OP.

By inspection, Area 1 is larger than Area 2. This indicates

that the arc OP is somewhat short of the true average skidding

distance, Verification of this is obtained with the curves which

are presented in Figure 16.
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II. Proof that the averape distance from any point in a right
angle triangle to one apex is two-thirds of the hypotenuse when

the distance is measured along lines which make an lsosceles

triangle with the hypotenuse.* c
Z)
X 4
A ° B
Figure b.

The maximum distance will be AC for any point es o on
AB. The meximum distance will be o =at point C. The average
distance will be XC when XY is the average distance from CB
to AC. This average distance with right angle triengles is a
pérpendicular to the altitude measured at a point one-~third from
the base. As distances measured along the altitude lay off
proportional distances on the hypotenuse, the average distance is
two-thirds the hypotenuse.

* This proof was developed by Professor D. M. Matthews.
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Appendix B.
Derivation of Formulae for Economic Spacing of Roads
As Listed in Table 1.

For reference in the followlng derivations, turn to the

diagrams on page 56.

Level Groui:d.

Average skidding distance = .768 H H= .60 8

Average actual skidding distance = .768(.50 S) = .38 S=A.

AC- 4.356 r or AS- 4.356 r or .38 5% 4,356 r
~ Vs -vc -

c
S: 40356 r S: 11.46 r
V v V=¥t
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5% Slope.
Let H=10 Maximum slope for up- hill skidding = 5%.
h= 8 80% of tractor drewbar pull is available.
S=H+h
=.,56 § 656% of timber skidded down-hill.
h=.44 S 44% of timber skidded up-hill.

Down-hill skidding. Average haul=.768 H= ,768 x .56 = .43 S
Up~hill skidding. Average heuling distance,

Average haul_ V(.67x.568 % (.33x.445)° + \/ (o67x.445 )+ (. 33x.568 )2
~ 3

_ Veld 5% .02 S2 +7.09 S% 403 52 _ .40 S+.35 S
= 5 = 5

Average haul= .38 S
All skidding:

AS = 4,356 r «41 S 4,356 r
-vc -Tvc
S= /4.356 r S-= /10.62 r
Tan o = % — <8000 o = 38° 40¢ G = 51° 20°

IQZ Sloge.

See page 4.
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15% slope.

sind - ’]i% = «667 « = 41° 50° G = 48° 10¢

Let H=10
h=tan 41° 50' x 10=8,9515

Area A=10 x 10 = 100.0 - 100.0 = 53% of the timber
Ares a= 10 p.< 8595 = 89.5 m -

T85.5 is skidded down-hill.
S =H+h = .53 8§ h= .47 8§

Down-hill skidding.
Average haul = ,768 x 4563 S = .41S

Up-hill skidding. | |
8, Av. haul = .67 V (,475)% (.538)° %—;/(—.—671:.475)24-(.331:.538)2

67V .22 52428 SZ+1.10 SZ .03 S2_ 4TS + . 368
] ==

a, Av. haul 42 8

8, Av. haul = .753 H=.753(.563 S)= .40 S (See Figure 16).

Average haul up-~hill - .42 _S_ﬁt.éo S = <41 S

All Skidding:

S: ’ 4.356 r S_'_‘ / 10062 r



20% Slope.
Sin o = 10 =500 = 30°00° @ = 60°00*
p0)
Let H=10
h = tan 30°x 10 = 5.773 S= h+H
Aree A=10 x 10= 100,0 H= .63 S
Area 8= 10 x 5.77 57.7 h= .37 S
IB:Ci

63% of timber is skidded down-hill.

Dovn-hill skidding:

Up~hill skidding:

a, Av. haul - .67'/(.638)‘3-(.378);1-!/(.67::.3?3)2-;-(.33)(.633)2
_ W67V .41 8%414 5°+V/,06 S%.04 52
. )
_ o6T(.74 S) #.32 S . 449 S+.32 5 - .41 S
= P2 p
a, Av. haul = 0705(063 S) = <44 S
Average haul up=hill= 441 S+.,44 S - .43 S

All skidding:

AV, haul = 0768 X 063 S= .48 S

2

A= 448 S5(e63)+ 43 S(o37)= <30 S+ .16 S=.46 S

S= ,4.356 r S- / 9.47 r

26% Slope.
8ee page 19.

Q_% Slogg .

See page 30.
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35% Slope.
Sin o - 10 - .286 o= 16" 37" G = 73° 23
k5]
Sin o - 25 - «T14 2'= 45" 3¢ @7 44 22
T
let H=10
h=tan 16° 37*' x 10 = 2,984 S=H+h
Area A= 10 x10 = 10040 H= 77 S
Area e = 10 x 2,98 = 29.8 h= .238

L 4

77% of timber is skidded down-hill.

Down=~hill skidding:

A, Av. heul = .67V (.778)% (.775)% = .67 .595 % .595 2
= .67J(1.18 57) = .67 (1.09 S) = .73 §
A, Av. haul = .768 (.77 §) = .59 §

Average haul down-~hill = 473 S+.59 § - .66 §
2

Up-hill skidding:

&, Av. haul - .67/(.258){'"(.?7)2+J(06710238)2+(0532(0778)2
4

087V 2055% 595 2+ 1 4025 %-.06S2_ .54 S+ .28 8
> = >

+4l1 S

8, Av. haul = 677(.77 S) = .52S

Average haul up-=hill= .41 S+.52 S — .47 S
P4

All skidding:
A = 466 S(o77) + o47 S(e23)= 51 S+411 S=.62 S

S= /4.3561' S:/?.OS:‘
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40% Slope.
Sin o - 10 - 250 L = 14" 29! G = 75° 31
o
Sin o'z 25 = 4625 o'z 38° 411 @'z B1° 19
T
Let ¥=10
Tan of = b Tan o(;g Aree 8=2.58% x 10= 25,83
Area A =8,007 x 10=80,07
.2683 x 10=h .8007 x 10 B T105.50
h = 2.583 H = 8,007 M= 94 S

h=.248 H= n76$

Down=hill skidding:
A, Av. haul = .67 l/(f.'ls S)2+(.94 S)e-- .67\[.5885- .885°%= «81 S

‘A, Av. haul = \ (o67x.948)% (.53x.765)%= /.05 %.065°= .68 S

Average haul down-hill: «8l §+.68 S = «75 S
2

Up=hill skidding:

a, Av. haul _ .67 \/(.24S)Z+(.948)£+ |/(i‘.67x.248)2+(.33 x .94‘8)2
2

.

_ 67V 0652+ o885 2 + Vo035 %0108 ° _ o658 + o368
= z = Z

a, Av. haul = .51 §
a, Av. haul = 0675(‘94 S): «63 S

Average haul up-hill = .51 8§+.63 S . .57 5
<

All skidding:
A= o75 S(e75)+ 57 S(e25)= ¢56 S+ 414 S = .70 S

S:,/4.356r S:it 6.22 r
T70 VC -



457 Slope.
Sind = 10 = .222 « = 12° 50 G = 77° 10°
15
Sinol = 25 = «556 o = 33°amr (O = 56° 13
5
Let ¥ - 10
Tan X = h Tand'_-_- H Area a=2,278 x 10= 22,78
¥ "
02278 x 10=h 16690 x 10=H Area A= 6'690 p-4 10: 66.90
h = 2.278 H= 6,690 :
h= .25 8 H= .76 S M=1.115

Dovn-hill skiddings
A, = 067\/(1.118)‘%‘ (0758)2: '67‘/_1"238€F05632: <67V 1.7982.: «90 S
Ay = V (+67x14118)% (o33x.755)° = V565,065 = \/ .61 52 = .80 §

Average down-hill haul = .90 S+.78 S _ 85 S
2

Up~hill skidding:
e, 67V (1.115)% (.265)° #V (.67x.255)% (. 35x1.115)°
5

o671 14255% 4065 + V.085%.135% _ .765+.405 — .68 S
= 2 3

8, +672(1411 S) = .75 S

Average haul up-hill- .58 S+ .75 S - .67 8
4

All skidding:
A= o67 S(e25)+ ¢85 S(o75) = +17 S+ .64 S = .81 S

Sz , 4,356 r S= , S5.38 r
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50% Slope.
Sin o = 10 - 4200 o = 11° 32t (&= 78° 28"
BU' .
! / ) ’ o
Sipol = 26 - 4500 A = 30° 00 & = 60° 007
BO
et M= 10
| Tan o = h Ten £ = H Aree a=2.041x10 = 20.41
¥ jI 4
.2041 x10=h 5774 x 10=H Area A= 5.774x10 = 57.74
h = 2.041 H= 5.774 '
h:.ZSS H:.?&S M:I.ZSS

Down-hill Skidding:

A = 87 \f(.'ra‘s)ﬂ'—(l.zes)z = .67[.5585—1‘6432 = .99 S
Ay= V (o67x1.285)% (.33x.748)% = /o 745 % L065% = .90 §

Average haul down"hill; «99 S+ 4,90 S - «95 S
<

Up-hill Skidding:

8 = 267V (1.285)% (.265)° + 1/ (.67x.265)% (. 33x1.288)°
)

_ .67V 1.645% .075%+ V 085 % 41852 _ .888{.468 — 67 8
= 3 =

Average heul up=hill — 67 S+.,86 S . 77 S
2

A1l skidding:
A= 77 5(e26)+ 95 S(o74) = 420 S+.70 S = .50 S

S:_ 4.356 r S = 4,84 r
‘ 50 v q R
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55% Slope.
Sind = 10 = .182 o= 10° 29' &= 79° 3
5
Sin L'- 25 = 455 o = 27° 04 G- 62° s6°
5
Let M = 10
Tan A = h Tan of = H Aree 8 = 1.850 x 10 = 18,50
" ¥
,1850 x 10= h 5110 x 10= H Area. A= 5.110 x 10 = 51,10
h = 1.850 H = 5,110 :

Down-hill Skiddings

A, = .67 V (2735)% (1,488)% = .67V 4535% 2.055% = 1.08 S

8, = V(.67x1.435)% (,53x,735)° =192 55406 52= .99 S
Avorage heul down-hillc 1:00 §+.99 § < 1.04 8

Up-hill skidding:
a,_ <67V (.275)% (1.48 5)° + V(267x.275)% (. 35x1.488) 2
3

— o687V 4075%-2,055°+V 4035%-4225% _ 498 S +.50 S — .74 S
- b4 - 2

&,Z ¢670(1043 S) = «96 8

Average haul up=hill- .74 S+,96 S - .86 S
5 =

A1l Skidding:
A= .85 S(‘Z?)+1004 3(073) = e2 3 8+ .76 S = 499 S

S: 4.3561’ S: 4040:'
Vo V ==

60% 810230
See page 26.
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Theoretical Shape of Area Sewved by Landing on Slopes

Appendix C.

Creater Than 10%.

When planning an economic transportation system, tractors

gshould be operated as closely as possible to their economic

skidding distance.

It has been demonstrated that this distance

must be exceeded somewhat in order to serve a landing from a

rectangular area (Page 17.).

The closest practical application of the principle of

limiting tractor hauls to the economic skidding distance is

demonstrated in Figure e.

When the meximum adverse slope to

be negotiated by a loaded tractor is 10%, the length of line k

is limited to

.60 ¥ instead of being extended to form the

diagonal of its component rectangle as was done in Part 1.

Similarly, when the cost of skidding down-hill equals the cost of

skidding -on level ground, the line k' is restricted to equai

the length of line M.
~
NS I M
< K Z
X
A
- //"/04° AN S
— | o
P * e
l o
L L
Figure e.

Down -

/7///

There are disadvantages to limiting k and k' in this

manner.

In the first place, the determination of the average

actuel skidding distance is unduly ocom;.licated by the increased

57.



number of component triangles in the erea served by a landing. In
the second place, when k and k' are restricted to their
economic lengths, the spacing of roads is reduced, and finaelly,
this method is somewhat more expensive than the method presented
in Part I due to the reduced amount of down~hill skidding.

Demonstrating with a 25% Slope.
Turn to page 66for diagram.

Let H = 10.
h= cos@x k S= H+h H= 1040 - 81 S
k= .60 H = 10.0 h =.19s
h= cos 66° 25' x 6 h= 2.4 k= 60H = .49 S
h= .4000 x 6 = 2.4 S= 12.4
Tan £ 1 - h - 2.4 _ .240 sin@ - D
¥~ 16.0 b3
£1= 13° 29' ‘ Sin 66° 25' - D
£ = 23° 351 9165- D
.
£2z ca-21 = 10° 06! D= .56 H
3= = 66° 25! D= 4455

n=Vhe B2 = (.198)%+ (.818)° = V.045% .665%= \|.70 S = .84 §

To sum up the properties of the ares:

= 481 S £1= 13° 29¢
}: z
h= .19 8 < 2= 10° 06!
k= .49 S c 3= 66° 250 = é’
n= 0843

D= .45 85 = .66 H

Since up~hill and down-hill skiddj.ng areas have a common side,
19% of timber will be skidded up-hill and 81% of timber will be
skidded down-hill.
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Down~hill skidding:

On slopes of 15% - 25%, down~hill skidding is done from a
rectangle twice as wide as it is deep. Average actual skidding
distence = .768 H for eny square.

H= .818 Av. skidding distance down=hill = ,768(.81 S) = .62 S

Up-~hill skiddings
The average skidding distance for the component triangles
must be determined and weighted.

Using half of the upe~hill skidding area as a representative sample:

Area a,-Hxh _ 10 x 2.4 _ 12 12 _ 50%

z 2 2z
Area & - (‘H"D)h — 4.,5x2.4 - 5.4 5.4 _._.22%

Elan ey 2z

Area a ,-Dxh _ 5.5x2.4 - 6.6 6.6 _ 28%

e 2 2z
Average actual skidding distances:
a, <£1=13 29 From Figure 16, average haul = .674 B

Average haul = .674(.81 S) = .546 §
&, Maximum external haul = n = .84 S
Hinimum external haul = k = .49 §

1

Average haul = .707(.848 +.498) - 470 S
w

8, Average skidding distance to landing = .67 k. Average

distance back to woods = V(.67h) (.33D)2

_ «328S+,2008S . .264 S
= )

Average haul - .67(.498)-% V <028 24,025 2

Average actual skidding distance up~hill:
Av, haul = ,5465(+50) + +470S(.22)+ .264S(.28)
= o273 S+ 4104 S+,074 S = 451 S = .45 S
Average skidding distance for whole area served by landing:
A= o62 S(eB8l)+ 445 S(419) = 50 S+.09 S = .59 S



Cost of skidding:

Down=hill skidding costs are hei'e considered to equal costs
of skidding on level ground.

Up-hill skidding costs will vary with slope. Skidding in
areas a, and a, veries from 0% to 107% end averages somewhat
less than 5%. This area represents less than 15% of the total
area served by a landing, and it is not worth while to compute
this average slope exactly, as an exact calculation is quite
lengthy. A close approximate figure is 4%. In area a,, all
skidding is done on a 10% slope.

When the cost of skidding on level ground is 3.4¢/M/100¢,
47 edverse slope 3.4¢/.84 = 4.05 x .72 = 2,92¢
10% adverse slope 3e4¢/.60 = 5.67 x 428 = 1.59

Average cost of up-hill skidding = 4.5¢/M/100"
Average cost of down-hill skidding = 3.4¢/M/100'
Average cost of all skidding =C = Cu(F) +Ca(1l-p)
With a 25% slope:

Cd = 3.4¢
Cu= 4.5¢ C = 4.5(e19)+ 5.4(281) = 86+ 2,75
P= 19% C = 3.61= 3.6¢/M/100"
l1- P= 81%

Cost of Road Construction:
Cost of road = 2Hr when »r = cost of road per 100' station.

Area served by landing - 2HS ' acres. V= volume per acre.

L ]

Cost of road per m;% = 4.356 r
4,356
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For an economic spacing of roads, road costs should equal

skidding costs.

With a 25% slopes’

A=
V=

r =

C =

AC_ 4.356 T
2501

«59 8§

80 MBM
16,000¢

3.6¢

or AS _ 4,356 r
T

.59 8% 4,356 r
T

S: T7¢38 T
—

S= \/‘7.38 x 15,000 - 1030 = 32.2 hundred feet.
) 36 X 3¢g

Space roads 3200!' apart.

Spece landings

Economic

2 (.81 x 32) = 5200 feet epart.

spacing of roads gives the following costs:

15,000¢
30 MBH
3.6¢
818
.59 S
3220°

Skidding costs
AC = .59(32.2)3.6 = 68¢
Roads- 4.366 x 15,000 - _68

* e 136¢/MBM
This can be compared with the costs

listed on page 26.
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Demonstrating with a 60% slope.

See Figurs g on page 66.

Indirect skidding used for down-hill hauls above line k' and

for up~hill hauls below line k.

Direct skidding used for down-hill hauls below line k?

for up-<hill hauls above line k.

A = 9° 367
G = 80° 24
Let M = 10

h=Cos@ xk

<2
n

=3
"

1.

h: 1000 F— clg S

L

«16677 x 6

001

k = <60 M=1.,16S

k'=H

= 14938

Down-hill skidding:

£ 1'=
P AR

£ 3=

22° 46"
1° 53¢
65° 211

and
4 V -]

oL = 24° 39¢
@'= 65° 21

H= Cos@ x k' S= H+h

H = 4171 x 10 S= 4.,17+1.00

H= 4.171 | S = 5,17

[ 2 L J

n=d B2+ U2 = .04 8%3.72 $2= 1.94 §
nt=\B% 8 %= V.66 8%2.72 S%= 2.09°S

Tan £1' - H . L81S _ .4197

-
-—

L1t = 22° 46" .

Using half of the down-hill skidding area as a representative

sample, area served = ¥ x H=10 x 4.171 = 41,71

Ares

Aree

Area,

A, - MxH _10 x 4,17 _ 20.86

z

2

A,- Sin £ 3' - D! or +50887 - D' or
)3

T

w

D'=.909 ¥

A.rea AZ:‘ H(M"D’) — 4.17(10’9009) - 3.79 — 1090
2 - z z

A,- D' xH_ 0.09 x 4417 . 18,95
= > =

2
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Area A = 20,85 = 5O%
Aresa AZ:' 1.90 = 5%
~ 18.95 . 45%

Area A3

Average actual skidding distancess e

A, Z£1'= 22°46

Average haul = ,686 M = .686(1.93 8)= 1.32 S
A Meximum external haul = n' = 2,09 S

Hinimum external haul = k* 1.93 S

i

Average haul = o707(2.09 S+1.93 S) ~ 1.42 §
T

A, Average haul = .67 k' = +67(1.93 S) = 1.29 S
Average down-hill skidding distance:
Average haul = 1.32 S{+50)+ 1.42 S(<05)+ 129 S(.45)

- 066 S’f'-O? S?‘¢58 S = 1.51 S

Up-hill skidding:

<1 = 5° 37 Ten £ 1_ h . .19 S _ .0984
"I98 S

£2 = 3 59

£ 3 = 80° 24! 1= 5° 37

Using half of up-hill skidding area as representative sample,
Area served = M x h = 10 x 1.001 = 10,01

Area a,_ h(D) _ 1.00§5.922 = 2496

Ares aa:Sinzs:% or .9860_- _ D

D= 692 M or ~ D=-1.,14 S

Area &2: @!-D)h = §10—5.92)1.00 = 4,08 _ 2,04
P 2 2 -

Area ea,_ Mxh _ 10 x 1.00 - 5.00
- T T

Area a, - 5.00 = 60%
Area e, = 2,04 = 20%

Area &g 2.96 = 30%
10.00 100%
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Aversre nctuel skidding distances:
8, Average haul = .667 M = .667(1.53 S) = 1.29 3
e, HMaximun external heul = n = 1,94 §

Hinimun external haul = k = 1,16 S

Average haul = o707(1.94 S+1.,16 S) = 1.10 S BN
z

a, Average skidding distance to landing = .67 k. Average

distance back to woods = \/(.,67h)a'f" («338) %2
Average haul - ,67(1.16 S)+ \,02 S%.14 S%_ .78 s;.‘xo S _.59 S
3

Average actual skidding distance up-hills

Average haul = 1.29 S(«50)+ 1,10 S(420) + «59 S(.30)

= 645 S+,220 S +.,177 S = 1.04 S

Average skidding distance for whole area:

A= 1,31 S(o81)+1.04 S(e19) = 1,06 S+ 420 S = 1.26 S
Cost of skidding:

When down-hill skidding costs 3.4¢/4/100!

Up-hill skidding costs

4% edverse slope 3.4/.84=4.05. 4.06 x .70 = 2,835¢/4/100"
10% edverse slope 3.4/.60=5.67 5.67 x .30 = 1.701

Average cost of up~hill skidding 4.536¢//100"
Average cost of all skidding: '
C= 3.4(+81) +4.5(.19) = 2.75+ .86 = 3.61¢/4/100*

AS = 4.366 r © 1.26 $°_ 4.356 r
- V¢

Sz ’4.3561’ 8;13.461'

L &



With a 60% slope.

A= 1.268 sz\[ 5.6 2 15,000 - /480
V= 30 1 e

r = 15,0004 S= 21.9 hundred feet.

C = 3.6¢

Space landings 24 =2(1.93 x 21.9) = 8450 feet apart
Skidding costs = AC :1026(21'9) 3.6 = 99¢

Costs of roads= 4.356 r _ 4.356 x 15000 - _99
vs T x 2149
198¢/1Bu

This can be compared with costs obteined on page 29.
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